Abstract A new radiographic grading system for a more objective assessment of lumbar intervertebral disc degeneration has been described and tested in Part I of this study.
Abstract A new radiographic grading system for a more objective assessment of lumbar intervertebral disc degeneration has been described and tested in Part I of this study. The aim of the present Part II of the study was to adapt this system to the cervical spine, and to test it for validity and interobserver agreement. Some modifications of the grading system described in Part I were necessary to make it applicable to the cervical spine. Its basic structure, however, stayed untouched. The three variables ''Height Loss'', ''Osteophyte Formation'' and ''Diffuse Sclerosis'' first have to be graded individually. Then, the ''Overall Degree of Degeneration'' is assigned on a four-point scale from 0 (no degeneration) to 3 (severe degeneration). For validation, the radiographic degrees of degeneration of 28 cervical discs were compared to the respective macroscopic ones, which were defined as ''real'' degrees of degeneration. The interobserver agreement was determined between one experienced and one unexperienced observer using the radiographs of 57 cervical discs. Quadratic weighted Kappa coefficients (j) with 95% confidence limits (95% CL) were used for statistical evaluation. The validation of the new version of the radiographic grading system showed a moderate agreement with the ''real'', macroscopic overall degree of degeneration (j=0.599, 95% CL 0.421-0.786). In 64% of all discs the ''real'' overall degree of degeneration was underestimated but never overestimated. This underestimation, however, was much less pronounced and the Kappa coefficients were significantly higher for the three variables: Height Loss, Osteophyte Formation, and Diffuse Sclerosis separately. The agreement between the radiographic ratings of the experienced and the unexperienced observer was substantial for the overall degree of degeneration (j=0.688, 95% CL 0.580-0.796), almost perfect for the variable, Height Loss, moderate for Osteophyte Formation and fair for Diffuse Sclerosis. In conclusion, we believe that the new version of the radiographic grading system is a sufficiently valid and reliable tool to quantify the degree of degeneration of individual cervical intervertebral discs. In comparison to the version for the lumbar spine described in Part I, however, a slightly higher tendency to underestimate the ''real'' overall degree of degeneration and somewhat higher interobserver differences have to be expected.
Introduction
The morphology of cervical disc degeneration has often been described in literature [3, 9, 11, 16, 24] . Based on these descriptive studies, several classification systems have been developed specifically for the cervical spine [2, 6, 10, 13, 15, 19, 21, 25] . Of these, however, only four are based on plain radiographs [2, 10, 21] . This number is very small in view of the fact that radiographic grading systems have several advantages: in contrast to macroscopic and histologic systems, they can also be applied in vivo; in contrast to discographic systems, they are less invasive; and in contrast to grading systems based on magnetic resonance images or computed tomography scans, they only require a standard X-ray machine and are less expensive. But more than their small number, missing reliability and validity tests reduce their applicability. The only exception is the grading system of Kellgren et al. [10] , which has been tested for reliability by Cote et al. [4] .
Another critical point of these grading systems is their terminology. The systems of Kellgren and Lawrence [11] and Kellgren et al. [10] are based on terms such as ''minimal'', ''definite'', ''moderate'', or ''severe'', and the system of Brooker and Barter [2] is using the terms ''slight'', ''moderate'' and ''severe'' to describe the degree of changes seen on the radiographs. Such terms are not well defined and easily decrease the objectivity of the grading system. This effect was shown in Part I of this study in which a more objective radiographic grading system for disc degeneration was developed. This new grading system, however, was specifically adapted to the intervertebral discs of the lumbar spine and should therefore not be used to grade those of the cervical spine.
The aim of this present Part II study was to adapt this system to the cervical spine, and to test it for validity and agreement between observers with different levels of experience.
Materials and methods
Some modifications of the grading system described in Part I of this study were necessary to make it applicable to the cervical spine. First of all, for the cervical spine, only lateral films are needed, since postero-anterior films of the cervical spine are difficult to evaluate and do not add to the information provided by lateral films.
Despite this modification, the basic structure of the new grading system stayed the same: the three variables, ''Height Loss'', ''Osteophyte Formation'' and ''Diffuse Sclerosis'' first have to be graded individually on a scale from 0 to 3, then, based on the sum of these three scores, the overall degree of degeneration is assigned to each disc on a four-point scale from 0 (no degeneration) to 3 (severe degeneration) ( Table 1) .
No modifications were necessary concerning the variable Height Loss. In both versions, this variable is defined as the average anterior and posterior decrease in disc height referred to the respective height before degeneration. For its assessment, first, the actual anterior and posterior disc height has to be determined. For this purpose, the distance between the four edges of the adjacent vertebral bodies and the midplane of the intervertebral space is determined and referred to the The three variables Height Loss, Osteophyte Formation and Diffuse Sclerosis are first graded individually on a scale from 0 to 3. The overall degree of degeneration is then assigned according to the sum of these three scores a Differenct from the original version for the lumbar spine (see Part I) antero-posterior diameter of the cranial vertebral body (Fig. 1 ). This procedure does not have to be carried out using drawings or digitisation and, thus, is meant to support a rough estimation of actual anterior and posterior disc height. In a second step, the actual anterior and posterior disc height is then compared to the respective individual height before degeneration, which is estimated based on the normal values reported by Frobin et al. [7] . These very precise values specifically refer to the anterior intervertebral height, which is, if assessed according to Frobin et al. [7] independent from image distortion ( Table 2) . To account for interindividual differences, the ranges of normal disc height should be used for comparison rather than their mean value. In contrast, precise normal values for posterior intervertebral height are not available. They have to be assumed to be smaller or as high but not higher than the normal values for anterior height.
To assess the variable, Osteophyte Formation, the number of osteophytes is counted and their length is measured in both versions of the grading system. However, in the cervical version, only the two anterior and the two posterior but not the four lateral edges of the adjacent vertebral bodies are evaluated. Furthermore, the length needed to assign one point was reduced from 3 to 2 mm and for two points from 6 to 4 mm.
The assessment of Diffuse Sclerosis, also had to be slightly modified. Even though, in both versions the number of sclerotic regions is counted, the adjacent halves of the upper and lower vertebral body are each divided into only two but not into four regions for the cervical spine (Fig. 2 ). Thickened bony endplates should be counted only if their border is diffuse.
For validation, the radiographic degrees of degeneration of 28 cervical intervertebral discs from eight fresh frozen human cadaveric osteoligamentous spine specimens, all without known history of trauma or spinal disease were compared to the respective macroscopic ones, which were defined as ''real'' degrees of degeneration (Table 3 , steps 2 and 3). The specimens were first X-rayed in lateral direction (43805 X-Ray System, Faxitron Series, Hewlett Packard, USA; film to source distance 61 cm) using a tube voltage of 40-45 kV and an exposure time of 5 min. Then, still being frozen they were cut in the midsagittal plane. The cutting surfaces were photographed and stored for evaluation. In order to allow a direct comparison between the radiographic and the macroscopic ratings, the macroscopic grading systems also covered the three variables: Height Loss, Osteophyte Formation and Diffuse Sclerosis. For the assessment of the variable, Diffuse Sclerosis, however, the adjacent halves of the upper and lower vertebral body were each divided into four regions on the macroscopic slices but not into two as on the radiographs. Fig. 1 To assess the degree of ''Height Loss'', first, the actual disc height has to be determined. For this purpose the anterior and posterior edges of the adjacent vertebral bodies (small white circles) are defined as those points having the largest distance to the centre of the vertebral body (black points). Then, the distance of each of these four edges to the midplane of the disc (dashed line) is measured. The sum of the two anterior distances finally is defined as the actual anterior disc height, the sum of the two posterior distances as the actual posterior disc height. This procedure is meant to support the estimation of actual disc height but does not have to be carried out using drawings or digitisation. In a second step, this actual height is compared to the respective height before degeneration, which is estimated based on the normal values reported by Frobin et al. 1997 (Table 2 ) To be as close to the ''real'' degree of degeneration as possible, another three variables were added to the macroscopic grading system: ''Nucleus Pulposus'', ''Annulus Fibrosus'' and ''Endplate Cartilage'' (Table 4 ; modified according to Thompson et al. [23] ). This macroscopic grading system was first checked for interobserver reliability using 63 discs from 16 donors (Table 3 , step 1). Out of these 63 discs, 28, for which radiographs were available, were additionally used to define the ''real'' degree of degeneration (Table 3, step 2). For these two steps of evaluation, two observers, who were both familiar with disc degeneration and who had several years of experience in spinal research evaluated the photographs of the cutting surfaces independently from each other. The ''real'' degree of degeneration of the 28 discs was then defined as the mean value of the results of both observers. Then, all these 28 discs were additionally graded radiographically by one of these two observers (Table 3 , step 3). In order to ensure that this observer was not biased by the macroscopic grading carried out a few days before, the radiographs were blinded and put in a randomised order. Statistically, the agreement between the radiographic and the ''real'' macroscopic degrees of degeneration was determined using weighted Kappa coefficients (quadratic weights) with 95% confidence limits (95% CL). They were calculated according to Fleiss and Cohen [5] using the software SAS 8.2 [18] . For this statistical evaluation an independency of the observation of each intervertebral disc was assumed.
In order to show whether the grade assigned to individual discs depends on the degree of experience of the observer, the agreement between one experienced and one unexperienced observer was determined. Both observers graded the lateral radiographs of 17 mono-or polysegmental osteoligamentous cervical spine specimens with an overall of 57 intervertebral discs (Table 3 , step 4). The experienced observer was one of the two who were involved in the validation of the new version Fig. 2 To evaluate the variable ''Diffuse Sclerosis'' in the assessment of cervical disc degeneration, the lower half of the upper vertebral body and the upper half of the lower vertebral body are each divided into two regions. Then, the number of regions is counted, which are covered by sclerosis. Note that a partially covered region is counted as if it was completely covered Table 5 ) Interobserver agreement (see Table 7 , Fig. 4) of the grading system. The unexperienced observer was a mechanical engineer, who had never had any medical training. This unexperienced observer, however, was trained before grading the discs. The grading system was explained using some training radiographs and the radiographic appearance of the most common spinal diseases was demonstrated in a 30 min session. Then, written instructions were handed over, in which the assessment of the three variables was again explained and the normal values of anterior disc height were listed.
Besides these instructions the unexperienced observer did not get any further help during grading. Statistically, the agreement between the ratings of the experienced and the unexperienced observer was evaluated using the same type of weighted Kappa coefficient earlier used for validation [5] . For both, the validation and the assessment of the interobserver agreement, a j of <0.00 was interpreted as poor agreement, 0.00-0.20 as slight agreement, 0.21-0.40 as fair agreement, 0.41-0.60 as moderate agreement, Table 4 Macroscopic grading system for cervical intervertebral disc degeneration used as ''gold standard'' to define the ''real'' degree of degeneration (modified according to the systems found in literature) Macroscopic grading system for lumbar intervertebral disc degeneration (based on midsagittal sections) The six variables Nucleus Pulposus, Annulus Fibrosus, Endplate Cartilage, Height Loss, Osteophyte Formation and Diffuse Sclerosis are first graded individually on a scale from 0 to 3. The overall degree of degeneration is then assigned according to the sum of these six scores. Note that the macroscopic and the radiographic grading system are identical for the variables Height Loss and Osteophyte Formation but slightly differ for Diffuse Sclerosis 0.61-0.80 as substantial agreement, and >0.81 as almost perfect agreement [14] .
Results
The agreement between the macroscopic ratings of the two experienced observers was substantial for Osteophyte Formation (j=0.631) and almost perfect for the other five variables (Height Loss, Diffuse Sclerosis, Nucleus Pulposus, Annulus Fibrosus, Endplate Cartilage) and for the overall degree of degeneration (j between 0.818 and 0.897) ( Table 5 ). Identical overall degrees of degeneration were assigned to 86% of all discs and in the remaining 14%, the differences did not exceed one degree. The validation of the radiographic grading system revealed an almost perfect agreement with the macroscopic, ''real'' degree of degeneration for the variable, Height Loss (j=0.904) and a slightly lower but still substantial agreement for Osteophyte Formation and Diffuse Sclerosis (j 0.755, respectively 0.714) ( Table 6 ). For the overall degree of degeneration the agreement was lowest with a Kappa coefficient of 0.599. In this case, the ''real'' degree of degeneration was underestimated in 64% of all discs (Fig. 3) . Since the agreement for the three variables, Height Loss, Osteophyte Formation and Diffuse Sclerosis, was substantial or almost perfect, this underestimation of the overall degree of degeneration has to be attributed to the remaining three variables Nucleus Pulposus, Annulus Fibrosus, Endplate Cartilage which could only be evaluated on the macroscopic slices but not on the radiographs.
The agreement between the radiographic ratings of the experienced and the unexperienced observer was almost perfect for the variable, Height Loss (j=0.827), moderate for Osteophyte Formation (j=0.559) and fair for Diffuse Sclerosis (j=0.310) ( Table 7) . For the overall degree of degeneration the agreement was substantial with a j of 0.688; however, the unexperienced observer tended to assign lower degrees of degeneration to the discs than the experienced one (Fig. 4) . Nevertheless, most ratings of the two observers were identical: The same degree of Height Loss was assigned to 63% of all discs, the same degree of Osteophyte Formation to 54%, the same degree of Diffuse Sclerosis to 70% and the same overall degree of degeneration to 61%. The differences in grade assignment were never higher than one degree except for the variable Diffuse Sclerosis. In this case, eight discs differed by two degrees. Differences of more than two degrees were not observed.
Discussion
In Part I of this study, the radiographic grading systems for lumbar intervertebral disc degeneration available from literature were combined to a new one, in which terms such as mild, severe, small or large were replaced by better defined and more objective ones. In the present Part II, this system was modified to be applicable to the cervical spine. Then, the new version was tested for validity and interobserver agreement in the same way as to the lumbar version in Part I.
In some aspects the interobserver agreement of the new radiographic grading system differed between the present version for the cervical and the first version for the lumbar spine. Except for the variable Height Loss the interobserver agreement was lower for the cervical than for the lumbar spine. This difference was most pronounced for the variable, Diffuse Sclerosis, where j was only 0.310 for the cervical but 0.681 for the lumbar version. Only this fair agreement for the cervical version can be explained, first, by the small dimensions of the cervical vertebrae since sclerosis can hardly be assessed in small areas. Furthermore, on lateral radiographs of the cervical spine, the posterior halves of the vertebral bodies are almost completely covered by the lateral processes. Thus, in the cervical spine, sclerosis additionally has to be distinguished from a decrease in X-ray transparency caused by overlying structures. In contrast, in the lumbar spine, the lateral processes are much smaller and, thus, cover much less of the vertebral body.
Besides the variable, Diffuse Sclerosis, the assessment of osteophytes also was characterised by a lower interobserver agreement for the cervical than for the lumbar spine. This may be caused, first, by the special shape of the cervical vertebrae. On lateral films, the anterior, inferior corner of a cervical vertebra often has the shape of a ''nose'' pointing in antero-inferior direction. Whether this nose still is normal or not often is difficult to decide. Second, similarly to the difficulties concerning the assessment of sclerosis, the lateral processes complicate the assessment of osteophytes since they generally cover the two posterior edges of the vertebral bodies. These differences in interobserver agreement between the two versions of the grading system also indicate that the quality of the radiographs may play an important role. For this reason, postero-anterior radiographs were excluded from the assessment of cervical disc degeneration: such films can hardly be evaluated since most discs are generally not well aligned. Besides the physiologic lordotic alignment of the cervical spine, scoliotic or other deformities may even complicate the evaluation of the lateral but also of the postero-anterior films. In cases of deformity the grading system should therefore be applied only very cautiously. Since the quality of the radiographs also depends on whether patients or specimens are Xrayed the agreement measured in this study may slightly differ from that expected in clinical practice. Slight differences are also expected since only one experienced and one unexperienced observer graded the discs and since the number of discs examined was restricted. Thus, finally, the agreement measured in this study has to be interpreted as being a trend, that most probably slightly varies depending on the circumstances under which the grading system is used. In contrast to the lumbar spine, the interobserver agreement of the version for the cervical spine widely differed between the three variables: Height Loss, Osteophyte Formation and Diffuse Sclerosis. Therefore it is recommended to report each of these variables separately instead of the overall degree of degeneration only. This approach is also advantageous in view of the small number of only three variables. A disc with a severe Height Loss but only small osteophytes, for example, may have the same overall degree of degeneration as a disc with only little Height Loss but large osteophytes. Thus, in this example, the overall degree of degeneration would indicate the same severity, whereas the individual appearances of the discs were very different.
Nevertheless, for the new version of the grading system, the agreement between the overall ratings of both observers was still substantial (j=0.688). Unfortunately, there is only little data available for direct comparison since the only radiographic grading system for cervical disc degeneration tested for interobserver agreement is that of Kellgren et al. [10] . The results of these tests, which were carried out by Cote et al. [4] , revealed an almost perfect agreement for the overall degree of degeneration (j=0.71). Compared to our new version for the cervical spine, this value is only little higher, even though it reflects the agreement between three medical specialists, who all had 10 or more years of experience. In view of this fact, the interobserver agreement of the new cervical grading system, which was measured for two observers with large differences in experience, is deemed to be good.
The validation of the new version of the radiographic grading system was carried out in the same way as the validation of the lumbar version in Part I of this study, i.e. the macroscopic degree of degeneration was defined as being ''real'' since macroscopic slices directly reflect the changes within the disc, whereas radiographs only depict the surrounding bony structures. As to the three variables: Height Loss, Osteophyte Formation and Diffuse Sclerosis, the agreement between the radiographic and the macroscopic, ''real'' degree of degeneration was higher for the cervical than for the lumbar spine with Kappa coefficients of 0.904, 0.755 and 0.714. Thus, the new cervical version of the radiographic grading system is deemed to be almost valid for each of these single variables (Fig. 5) . The use of a less complex and, thus, a less accurate technique in the assessment of actual disc height and the comparison of the actual disc height to normal values obtained in a different technique therefore did not cause any significant error. Concerning the overall degree of degeneration, however, the validity was somewhat lower for the cervical than for the lumbar spine with a Kappa coefficient of 0.599, and the ''real'' overall degree of degeneration tended to be more often underestimated. If MR images were used instead of radiographs, early changes within the nucleus might become visible before first signs of degeneration become detectable on radiographs. In the past, several grading systems for disc degeneration based on MR images have been proposed; however, none of those for the cervical spine was tested for reliability or validity [8, 15, 17, 19, 20, 22, 25] . Thus, whether MR imaging is really superior Fig. 4 Agreement between the radiographic ratings of one experienced and one unexperienced observer. Each field contains the number of cervical intervertebral discs rated with the respective scores Fig. 5 Examples of the four degrees of degeneration to plain radiography is not yet well understood. However, for the lumbar spine Benneker et al. [1] could show that conventional radiography remains a cost-effective, non-invasive in vivo grading method to detect early disc degeneration and, combined with MRI, correlates best with morphological and biochemical assessment of disc degeneration.
Conclusions
In conclusion, we believe that the new version of the radiographic grading system is a sufficiently valid and reliable tool to quantify the degree of degeneration of individual cervical intervertebral discs. In comparison to the version for the lumbar spine described in Part I of this study, however, a slightly higher tendency to underestimate the ''real'' overall degree of degeneration and somewhat higher interobserver differences have to be expected.
Similar to Part I of this study, focus was put on the agreement between one experienced and one unexperienced observer to evaluate the objectivity of the new version of the grading system. Other parameters such as the intraobserver agreement, the agreement between observers with similar degrees of experience, the agreement between more than only two observers, the agreement between whole institutions, the effect of the quality of the radiographs or the suitability of the grading system for longitudinal studies need to be the aim of future investigations.
